Abstract Aluminum phosphide (AlP) is a lethal solid fumigant pesticide which has been recently linked to esophageal stricture formation. This paper aims to study the clinical profile and response to treatment of AlPinduced esophageal strictures. Data on all patients of AlPinduced strictures seen between January 2004 and June 2008 were retrieved and analyzed for clinical parameters and response to endoscopic dilation. Each patient underwent barium swallow to define the site and length of stricture and then was dilated endoscopically. Twelve patients of AlP-induced esophageal stricture (seven males) with a mean age of 26.83±8.43 years were evaluated. They had consumed one to three AlP tablets, 4-156 weeks before reporting to us. They had onset of dysphagia within 2 to 8 weeks of ingestion of AlP. Of 14 strictures in 12 patients, seven were in upper third, two in middle third, and five in lower third of esophagus with a mean length of 1.96± 0.75 cm. Nine patients responded to dilation requiring 5.56± 2.65 dilations. Four patients were given intralesional steroids to augment the effect of dilation. Three patients failed and were operated upon. All patients remained symptom free over a follow-up of 3-30 (15.67±9.41)months. AlP-induced esophageal strictures can be dilated endoscopically in a majority of patients; however, 25% of them require surgical intervention. AlP-induced esophageal strictures, thus, behave like caustic-induced strictures.
Introduction
Aluminum phosphide (AlP) is a commonly used fumigant pesticide. It is used across India by farmers [1] . Even in the USA it is used extensively for protecting grains. When it comes in contact with moisture, it releases phosphine gas in an exothermic reaction (AlP+3H2O→Al(OH)3+PH3+ heat energy) [2] . Systemic toxicity results from absorption of phosphine gas and subsequent inhibition of respiratory chain enzymes and liberation of free oxygen radicals [3, 4] . Toxicity can result from inhalation of phosphine or absorption of phosphine from gut mucosa if AlP is ingested. Survivors are not known to have any specific sequelae [5] . Recently, however, ingestion of AlP has been reported to lead to esophageal strictures which behave like caustic-induced strictures [6] [7] [8] [9] [10] [11] [12] . We here report our experience with AlP-induced esophageal strictures in the last 5 years.
Material and Methods
The clinical details of all patients diagnosed to have AlPinduced esophageal strictures between January 2003 and June 2008 were retrieved and analyzed. Data recorded included the number of tablets consumed, circumstances leading to ingestion, immediate symptoms and duration, and degree of dysphagia at the time of presentation. Each patient was subjected to a barium contrast study to delineate the number and site of esophageal stricture(s). Endoscopy was performed subsequently to confirm the findings at radiology. Dilation of strictures was started using SavaryGilliard (SG; Wilson Cook, Winston Salem, VA, USA) dilators or through-the-scope balloons (Boston Scientific Inc. Watertown, MA, USA), depending upon the tightness of the strictures. Subsequent dilations were carried out at 3-weekly interval using SG dilators. The endpoint of dilation was 15 mm. At each sitting, not more than three dilators were passed. Those who failed to open up in four sessions were subjected to intralesional triancinolone acetonide injection (40 mg in four quadrants) as described earlier [13] . Those who still failed to respond were subjected to transhiatal esophagectomy and colon interposition. All patients were followed-up till September, 2008 (Fig. 1) .
Results
A total of 12 patients (seven males/five females) with mean (±SD) age of 26.83±8.43 years (range 16-46 years) with AlP-induced esophageal stricture were seen by us (Fig. 2) . All of them had ingested AlP tablets with suicidal intent. Seven of the 12 patients gave history of ingesting tablets previously exposed to air for a variable period. One of them said that she had taken out a tablet from a gunny bag full of wheat grains and ingested it. All the patients had ingested the tablet(s) with 50-100 ml of water. The interval between ingestion of AlP and onset of dysphagia was 4 to 8 weeks (mean 5.92±1.68). They presented to us at a median delay of 9 weeks (range 4-156 weeks) following ingestion. Two patients had two strictures while ten patients had a single stricture (Figs. 3 and 4) . Of the 14 strictures, seven were in upper third of esophagus, two in middle third of esophagus, and five in lower third. The length of the stricture was 1-3 cm (mean 1.96±0.75 cm; Table 1 ).
Three of the 12 patients had reported to a nearby hospital with vomiting after ingesting ALP tablets and were subjected to gastric lavage and supportive care. Another patient developed shock and acute renal failure following ingestion of three tablets of AlP and was hospitalized for 3 weeks in a local hospital. He had confluent ulceration at the stricture site when he came to us, 5 weeks later. Only one other patient had esophageal ulceration when he reported to us. All others had smooth esophageal strictures with complete epitheliazation. Two patients had undergone six and eight sessions of endoscopic dilation before coming to us and one patient had been subjected to jejunostomy feeding. All 12 patients were taken up for dilation. Nine (75%) patients were successfully dilated to 15 mm in 5.42± 2.54 (range 2-9) sessions. These nine patients gained a median of 2 kg weight (range 1-7 kg) following successful dilation. In those who had a successful outcome the mean number of dilations was 5.56±2.65 (range 2-9). Intralesional steroids were used in four patients, with a mean of 2.3±1.3 sessions (range 1-5).
Three patients failed to respond to dilation and were subjected to transhiatal esophagectomy and colon interposition. One of them had total occlusion of esophageal lumen through which even a guidewire could not be passed. In two patients esophageal lumen could not be maintained despite dilation to 10 and 12 mm and two sessions of intralesional steroids (Fig. 2) . The stricture length in these and two patients was 2.0 and 3.0 cm. The stricture number and site did not influence efficacy or failure of dilation. All the 12 patients have remained well over a follow-up of 3-30 (15.67±9.41)months. Histology of the resected specimen in one of the patients who underwent esophagectomy showed mild to moderate chronic inflammatory cell infiltration in the subepithelium (Fig. 5) 
Discussion
Aluminum phosphide has gained notoriety as a fatal pesticide when consumed by humans. The principal cause of death is cardiac arrhythmias, shock, acidosis, and adult respiratory syndrome due to absorption of phosphine gas [14] . Each 3-g tablet of AlP produces 1 g of toxic phosphine gas when it comes in contact with moisture [14] . The average time interval between poisoning and death is 3 h with a range of 1-48 h. As many as 95% of fatalities occur within first 24 h [15] . Most individuals consuming AlP with suicidal intent swallow the tablets/ pellets with water or dissolve them in water before swallowing. Accidental poisoning has been reported in freight carriers carrying wheat grain [16] . The lethal dose of AlP is as low as 1.5 g [17] . The overall mortality is high, though mortality is highly variable depending on various factors like freshness of the tablets, duration and severity of poisoning, and severity of shock and its response to resuscitative measures [18] .
While gastrointestinal symptoms are common after AlP ingestion, esophageal stricture formation is reported only rarely [6] [7] [8] [9] [10] [11] [12] . There are only a total of 37 cases reported in the literature. Detailed inquiry into our patients revealed that seven of the 12 patients had consumed previously exposed tablets, perhaps diminishing the toxicity. As the tablet is quite large (18-20 mm in diameter), it can get lodged in esophagus at sites of physiological narrowing especially if consumed with a small amount of water. The anticholine-esterase property of phosphine gas also retards esophageal transit and increases the contact time [19] . Once lodged in the esophagus, it would release phosphine gas locally in an exothermic reaction. The other product of the chemical reaction is Al (OH) 3 which is alkaline and is used as an antacid. The esophageal injury is presumably the result of thermal injury and stricture formation is a consequence of esophageal ulceration akin to pillesophagitis [20] . Caustic injury to the esophagus due to clinetest tablets [21] or battery ingestion [22] has similar pathogenesis and presentation with localized injury and stricture formation. Two of our patients had ulceration in the stricture segment with local extravasation of the contrast; one who came to us after 5 months of ingestion and the other who came 2.5 months later. The local mechanism of injury is further evident by the fact that those with two strictures had consumed two tablets and no mucosal changes were noticed beyond the esophagus. Deeper ulceration could erode into the respiratory tree. There are two cases of AlPinduced tracheo-esophageal fistula, reported in the literature both having active ulceration which presumably eroded into the trachea [8] .
There is only one brief report on occurrence of erosive gastroduodenitis in four patients of AlP ingestion who underwent endoscopy after hemodynamic stabilization [23] . There are no data in the literature on pathological changes in patients with AlP-induced esophageal stricture. The autopsy data in the literature on patients dying of AlP ingestion include congestion in gastrointestinal tract, heart, liver, and other organs [17] . It would appear that patients who develop esophageal stricture differ from those who have systemic toxicity in terms of degradation of the tablet because of prior exposure to air/moisture. There could also be differential absorption of phosphine gas from the squamous epithelium of esophagus, as compared to the columnar epithelium of the stomach. In any case esophageal ulceration and stricture formation would occur only if the tablet gets lodged in the esophagus. We have histopathological findings in one of our patients who underwent transhiatal esophagectomy and it showed intact mucosa with mild to moderate chronic inflammatory cell infiltration in the subepithelium.
AlP-induced strictures behave like corrosive-induced strictures. All the reported cases in the literature as well as our patients had short (1-3 cm) strictures. In the study by Misra and Dwivedi, all 15 patients had a single stricture [6] . However, two of our 12 patients had two strictures. One of these patients had consumed a single tablet of AlP while the other one had ingested two tablets. Three of our 12 patients failed to respond to endoscopic dilatation. One of these patients had near complete occlusion of esophageal lumen which precluded placement of spring-tipped steel guide wire. Attempts to dilate with balloon dilators were also unsuccessful and he was subjected to surgery. Two patients failed to maintain adequate esophageal lumen despite repeated dilation, including injection of triamcinolone acetonide. The number of dilations required for successful dilation in nine patients who responded was 2 to 9 (mean± SD, 5.56±2.65). In the study by Misra and Dwivedi, an average of three dilations was required in their patients. They had used endoscopic needle-knife incision to augment the results in two of their patients [6] . We used intralesional steroids in four of our patients in accordance with our previous experience of using this technique in difficult strictures [13] . Intralesional triamcinolone acetonide injections prevent collagen laying and recurrence of fibrosis once dilation is carried out [13] . This form of therapy is less expensive as compared to stent placement and safer as compared to needle-knife incision.
In another recent report Darbari et al. resorted to surgery in four of their 11 patients, in three because of poor response to bougienage and in one because of tracheoesophageal fistula [8] . There is also a report of resistant stricture due to AlP who required insertion of a plastic stent [7] . These reports [7, 8] and our experience suggest that AlP-induced strictures are often difficult to treat and may require additional procedures like endoscopic incision, intralesional steroids, or use of stents.
This report thus highlights the clinical profile of AlPinduced esophageal strictures. Strictures probably result from local injury and are usually caused by exposed tablets. The fact that they can be associated with deep ulceration and esophago-respiratory fistula reflects the depth of esophageal injury. The large size of the tablet and the anticholinergic action of phosphine gas may be primarily responsible for the stricture development. Though the strictures are short, they can be difficult to dilate and may need additional measures like intralesional steroid injection. We suggest that survivors of AlP poisoning should be investigated for mucosal injury and its consequences by radiological and/or endoscopic examination.
